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The  present  study  inyestip^Aed  the  effects  of  wearing  various  nccihinatiocs 
of  the  cheoical  protective  asuak  acwi  gloves  on  the  speed  axal  aocurax^  of  solving 
oognitive  probloDS.  All  testing  was  conducted  at  72  degrees  Fahrenheit  .  The 
results  show  that  wearing  the  chemical  protective  saask  »«d  gloves  or  wearing 
the  chemical  protective  gloves  only,  significantly  degraded  the  rate  (i.e., 
spaed)  of  ccmpleting  cogiitive  problems  vhen  compared  to  the  bare  handed/bare 
headed  ocntrol.  Wearing  both  the  made  and  gloves  degraded  the  zete  of  tusk 
Gcopleticn  by  IQK  idiile  wearing  the  gloves  only  resulted  in  a  degradation  rate 
of  8X  oenpared  to  the  bare  handed/bare  headed  ocntrol.  The  accuracy  of  the 
oognitive  problems  ocmpleted  was  not  significantly  influenced  by  wearing  any  of 
the  oombinations  of  the  mask  and  gloves.  The  decrement  in  perfatmance  is 
likely '  due  to  an  inpairment  in  dexterity  and  not  in  oognitive 
processing. 
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Chomiol  pxxatectlve  (CP)  clothing  ^yarbcois  provide  individual  protecticn 
against  tcocic  haoarda  encountered  in  both  the  military  and  industrial 
workplace.  The  U.S.  Amy  doctrine  ocmbines  various  CP  clothing  items  into  fcur 
kission  Oriented  Protective  PbstAires  (MOFP)  characterized  by  separate  levels  of 
protection  >«hich  progressively  achieves  total  encapsulation  in  the  MlFP  level  4 
oonfiguraticn.  1  censists  of  wearing  a  charcoal  impregnated  overganoent, 
MfP  2  entails  wearing  the  overgarment  and  rubber  overboots  ^  MODEP  3  is 
characterized  by  wearing  the  overgarmen't,  overboots >  and  mask  with  hoexi,  and  in 
MDFP  4  the  overgarment^  overboots >  nou^  with  hood,  and  rubber  gloves  are  worn. 
Although  ICFP  levels  provide  varying  degrees  of  physical  protection,  the 
performance  of  soldiers  while  wearing  MDFP  gear  is  oenpremised  by  both 
physiological  and  psychological  factors.  It  has  been  well  documented  that  the 
relative  uopenaeahility  of  CP  clothing  adversely  effects  thermal  regulation  in 
hot  environments  (Goldman  and  Breckenridge,  1976)  and  indeed  most  of  the 
performance  research  to  date  has  focused  on  physiological  responses  to  thermal 
stress  'vdiile  wearing  MQPP  4.  Numerous  studies  have  determined  that  wearing  CP 
clothing  in  waim-hot.  environments  impedes  evaporative  cooling  and  results  in 
thermal  strain  axid  a  diminished  physical  work  capacity  (Goldman  and 
Breckenridge,  1976;  Goldman  and  Winaman,  1976;  GoldGoan,  1063;  Henane,  Bittel, 
^^ret  and  Ifcrrino,  1079;  Joy  and  Goldman,  1068;  lilartin  and  Goldman,  1072) . 
Auxiliary  cooling  methods,  however,  have  proven  to  be  effective  in  heat  removal 
while  wearing  MUPP  4  (Toner,  White  and  Goldman,  1061;  Tbner,  Brolet,  Levell, 
Levine,  Stroschein,  Sajidca  and  Pandolf,  1983).  On  the  other  hand,  the  himoan 
factor  enoimbraaces  associated  with  wearing  CP  clothing  items  may  also 
ooapromise  the  performance  of  certain  military  tasks  requiring  cognitive 
problem  solving  skills  or  a  hifd^  degree  of  manual  deocterity  or  visual 
perception.  Only  a  few  studies  have  systematically  investigated  the  influence 
of  MOFT  levels  on  cognitive,  psychemotor  and  perceptimd  attributes  cemmon  to 
many  military  performance  tasks. 

Fine  ax.d  Kobrick  (1987)  investigated  the  effects  of  wearing  M3PP  4  in  hot 
(OIF. ,  615a?H)  and  normal  (55F. ,  35?CH)  oonditionc  oempared  to  a  NO  MOFP  conbrol 
(7QF.,  359fflH;  over  eight  hours  duration  on  siastained,  sedentary  military  task 


p«rf onDanca .  Their  results  sho^ved  that  performance  on  oognitively  based 
military  tasks  began  to  markedly  degrade  after  four  to  five  bcxirs  of  eucpcsure 
to  the  hot  oondition  in  MM*  4.  The  MM  4  system  by  itself,  hce»«ver,  (MM  4 
at  55F . ,  3599^  appeared  to  cause  a  decrement  in  performance  at  certain  points 
in  time,  althou^,  this  effect  was  not  oonsistoitly  statistically  significant. 
A  serious  limitation  to  detecting  visual  signals  vhile  wearing  the  MGM  4 
system  was  reported  by  Kbbrick  and  Sleeper  (1086) .  This  degradation  in 
functional  vision  occurred  early  and  remained  throuc^xxit  eight  ho^trs  of 
testing.  Johnson  and  Sleeper  (1066)  studied  the  impact  of  wearing  the  CP  mask 
and  hood  with  rubber  gloves  on  the  soldier’s  ability  to  perform  one-handed  and 
two-handed  tasks  of  manual  dexterity.  Tlie  results  indicated  that  oenpared  to 
bare  handed  oonditions,  manual  dexterity  was  substantially  poorer  with  the 
gloved  band.  Moreover,  the  performance  was  tmaffected  by  whether  the  soldier 
was  wearing  the  mask  with  hood.  Rauch,  Witt,  Banderet,  Tausen  and  Golden 
(1088)  investigated  the  effects  of  wearing  MUM  4,  MDM  2,  and  a  ND-MDH* 
cxxitrol,  the  Battle  Lb:  ess  Uhiform  (BCU) ,  on  three  cognitive  problem  solving 
tasks  over  24  hours  of  testing.  The  results  shewed  that  wearing  MLM  4 
significantly  impairod  cognitive  problem  solving  ocopared  to  MDFP  2  and  the  BDU 
control .  The  inpairaent  attributed  to  the  MLM  4  oenditien,  however,  was 
observed  in  the  rate  of  task  (i>e.,  problem  solving)  ocnpletion  in  contrast  to 
task  accuracy.  There  were  ik>  significant  differences  between  the  MOM  2  and 
EDU  oonditions.  The  MLM  4  decrement  al.one  suggested  that  performance  may  be 
ccopromised  by  wearing  either  the  CF  gloves  oi  the  CP  mask  or  a  ocanbi  nation  of 
both.  Hence,  the  decrement  in  performance  while  wearing  MOM  4  may  be  a 
function  'f  impaired  information  input,  such  as  visual  distortiens  vhile 
weariiig  the  mask,  or  by  oenpremising  the  output  by  influencing  mantial  dexterity 
while  wearing  the  gloves  and  writing  answers  to  cognitive  problems. 
Lhfortunately  the  esq^erimental  design  did  not  permit  manipulation  of  a  glove  vs 
mask  effect  vhile  in  the  MLM  4  oonfiguration.  The  purpose  of  the  present 
study,  therefore,  was  to  determine  the  effects  of  wearing  the  CP  gloves  vs 
wearing  the  CP  mask  vs  wearing  both  the  CP  mask  and  gloves  cn  a  cognitive 
problem  solving  task. 


8ubi»ct».  The  ■ubjttcts  oooaistwl  of  ei^^t  foimle  and  seven  male 
volunteer*  from  the  U.S.  Anigr  Research  Destitute  of  Eknriraosental  Vladiclne. 
Subject  aces  rancad  from  23  to  37  years. 

ObBpitive  Test.  A  paper  and  pencil  teat  of  math  ocnputa.tiGQ  required  the 
subject  to  add  three  3-digit  nusbers  arrayed  vertically.  Math  ocoputa.tioci 
problems  of  this  type  are  a  measure  of  number  facility  and  a  ocBacc  attribute 
in  many  ndlitazy  tasks.  The  math  oomputaticn  test  had  alternate  fonDs  azul  a 
sufficient  number  of  problems  to  preclude  anyone  from  ooipleting  the  teat 
during  a  tso  minute  test  administration. 

Design  and  Procedure.  The  experimental  design  consisted  of  one  betmeen- 
subjects  factor,  SEX,  eith  tmo  levels  and  one  vrithinrsubjects  factor,  CP 
condition,  with  foiir  levels.  The  four  CP  oonditions  (levels)  were:  (1)  wearing 
the  CP  gloves  only;  (2)  wearing  the  CP  mask  only;  (3)  wearing  both  the  CP  mask 
and  the  CP  gloves;  and  (4)  bare  handed  and  bate  headed  (i.e.,  xx>t  wearing  the 
l^oves  and  mask) .  Bach  subject  wee  tested  on  alternate  faras  of  the  math 
oomputation  test  in  each  of  the  four  ICFP  oonditions.  The  order  of  MDPP 
conditions  was  randonised  for  each  subject.  Every  subject  practiced  twelve 
porablmne  in  each  MQFP  condition  iamadiately  prior  to  that  testing  session. 
Altemate  forms  of  the  math  computation  test  was  administered  for  a  two  minute 
test  secision  prior  to  vhich  subjects  were  instructed  to  'Stork  as  tjuickly  and  as 
accurately  as  possible."  All  tent i ng  was  conducted  at  72  degi-ies  rhhrenheit. 
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yath  ooBfxitation  soores  ooosisted  of  the  nmber  of  problems  oompleted  azxl 
the  nvaober  of  problems  wrong  based  co  a  ttto  minute  test  administration.  The 
means  azxl  standard  deviations  of  problems  ocopleted  aixl  problems  wrong  by  CP 
level  are  presented  in  Table  1. 


f 'x  ru  jrjirv  ir.  irv  i#v  tf%.  rfv 


A  2  X  4  r«pe«t>d  BMaurva  analysis  of  varlanoa  rsvaalad  a  si^dficant  sain 
affact  for  tha  CP  oaodltlon  on  tha  nunbar  of  problaas  ooa|>latad,  F  (3»42)  ■ 
4.23,  £  <  .G2.  lha  nuobar  of  problsns  sroog  did  not  siffiificantly  diffar  amnng 
CP  lavals.  Likawisa,  thara  mm  no  significant  nain  affact  for  SBX  and  no 
si^dficant  by  CP  intaraction  for  problaas  ocoplatad  or  problaas  sroug. 

A  Laast-siffdf icant  dif f aranoa  tast  sas  parforaad  for  poatariori  ocntrasts 
on  tba  significant  oain  affact  of  CP  on  problaas  conplatad.  lha  post  hoc 
analysis  ravaalad  tso  significant  oontrasts.  Wearing  both  tha  CP  oask  and 
glcnras  rasultad  in  a  significantly  loser  nunbtr  of  problaas  ocnglatad  in 
ocntrast  to  tha  bare  handad/bara  headad  oonditicn,  t  (16)  >  3.21,  £  <  .01,  and 
searing  tha  CP  glonras  only  rasultad  in  a  si^dficantly  loser  nuBbar  of  problaas 
ocqplatad  in  ocntrast  to  tha  bare  handad/bara  headed  ocndition,  t  (15)  »  3.08, 
£  <  .01.  Figure  1  depicts  the  groig>  means  of  oath  ocnputation  problaas 
ocoplatad  for  tha  CP  levels. 


Discussion 


lha  results  of  tha  present  study  ^>os  that  searing  the  CP  nask  and  gloves 
or  searing  tha  CP  gloves  only  significantly  degrades  tha  rate  of  oony>lating  a 
srittan  cognitive  task  idien  oooparad  to  the  bare  handsd-bsra  headad  ocntrol. 
Diffarancas  batsaan  the  CP  levels  should  be  attributed  to  tha  huaan  factor 
encuabrancas  (i.a.,  limitations  of  daxtarity  and  sensnry  parraptnal 
capabilities)  associated  sith  wearing  tha  natik  and  gloves.  In  a  recent  study, 
Johnson  end  Sleeper  (1086)  found  that  oongsrad  to  a  bare  handed  oonditicn,  fine 
finger  manual  dexterity  sas  substantially  pocrar  in  a  group  wearing  tha  CP 
glove.  Furthermore,  the  perfonoance  between  bare  handed  and  gloved  oonditione 
reosdned  the  same  regerdlese  of  wearing  the  GP  maak  with  hood.  In  the  present 
study,  weariig  the  mask  only,  did  not  produce  aignificant  perfanoence 
docraments.  Hie  perfonoance  decrsaant  observed  shile  wearing  the  gloves  or 
idiile  wearing  both  the  gloves  Md  loa^  is  likely  due  to  the  greater 
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amcunt.  of  1,1106  required  to  write  three  digit  answers  xising  paper  and  perxcil 
vMle  wearing  CP  gloves.  This  type  of  perfonoance  decxemeut  may  be  largely 
attributed  to  an  iiqpainnent  in  infonkation  output  (i .  e . ,  writing  three  digit 
answers)  and  not  in  the  process?  g  of  oo^iitive  inf onnatioa  itself . 
Furthenjore,  since  there  was  no  main  effect  of  CP  level  cn  ocmputation  errors 
it  is  doubtful  that  the  accuracy  of  processing  cognitive  infomatiGii  is 
affected  by  wearing  the  CP  items  under  subjectr-paced  ocnditions  and  withofit 
thermal  stress  over  a  short  period  of  time.  Althou^  the  dacrement  in 
prcductivity  is  apparently  due  to  wearing  the  CP  gloves,  the  type  and  amount  of 
informatiooL  in  the  visual  display  of  the  stimultis  could  also  influence 
productivity.  For  example,  with  number  oonparisoo  tasks  very  little 
informatian  is  presented  and  abstracted  from  a  single  eye  fixation  ocmpared  to 
vertical  addition  in  math  ocDputation.  Ihe  greater  amount  of  information 
presented  in  math  ocoputatioa  tasks  requires  more  time  in  visually  acquiring 
and  therefore  processing  the  information.  Hence,  althou^  output  parameters 
involved  in  math  ocDputation  productivity  appear  to  be  degraded  the  most  in  the 
gloved  condition  and  in  the  gloved  and  mask  ocndition,  it  is  not  unreasonable 
to  suggest  that  the  visual  acquisition  of  certain  types  of  stimulus  infarmation 
may  also  be  sensitive  to  degradation  v^ile  wearing  the  mask. 

sumnary,  the  results  show  that  wearing  the  CP  mask  and  gloves  or 
wearing  the  CP  gloves  only  significantly  degraded  the  rate  of  ccmpleting  a 
writtei  cognitive  task  when  ocmpared  to  the  bare  headed-bare  Ijanded  control. 
Wearing  the  mask  alone  did  not  produce  significant  performance  decrements.  The 
accuracy  of  the  ocnpleted  tasks  were  not  significantly  influenced  by  wearing 
ccmhinaticns  of  the  mask  and  gloves.  The  results  of  the  present  study  have 
sane  implications  on  expected  decrements  in  military  performance  while  wearing 
MDPP  gear.  Threat  doctrine  will  eoploy  persistent  agents  in  the  Division  Rear 
Area  to  disrupt  ocmbat  service  supjxxrt.  The  speed  of  performing  logistical 
tasks  of  short  duration  i^ile  wearing  the  CP  gloves  may  require  105?  longer  to 
ocmplete  compared  to  a  bare  handed  condition.  It  is  inportant  to  note  that 
although  subjects  in  the  present  study  were  permitted  practice  trials  in  ear-b 
CP  configuration,  performance  was  not  intended  to  reach  asynptote;  that  was  not 
the  purpose  of  the  studj  The  personal  observation  of  the  authors  haw  been 
that  soldiers  in  field  mits  spend  little  time  practicing  routine  duties/tasks 
in  M[FP  4  or  vhile  wearing  the  mask  and  gloves.  Therefore,  the  present  study 
was  undertaken  to  determine  the  effects  of  wearing  CP  items  on  a  familiar,  but 
not  a  well  practiced,  task. 
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